Epithelial cells are the major cell-type for all organs in multicellular organisms. In order to achieve correct organ size, epithelial tissues need mechanisms that limit their proliferation, and protect tissues from damage caused by defective epithelial cells. Recently, the Hippo signaling pathway has emerged as a major mechanism that orchestrates epithelial development. Hippo signaling is required for cells to stop proliferation as in the absence of Hippo signaling tissues continue to proliferate and produce overgrown organs or tumors. Studies in Drosophila have led the way in providing a framework for how Hippo alters the pattern of gene transcription in target cells, leading to changes in cell proliferation, survival, and other behaviors. Scribble (Scrib) belongs to a class of neoplastic tumor suppressor genes that are required to establish apical-basal cell polarity. The disruption of apical-basal polarity leads to uncontrolled cell proliferation of epithelial cells. The interaction of apical basal polarity genes with the Hippo pathway has been an area of intense investigation. Loss of scrib has been known to affect Hippo pathway targets, however, its functions in the Hippo pathway still remain largely unknown. We investigated the interactions of Scrib with the Hippo pathway. We present data suggesting that Drosophila scrib acts downstream of the Fat (Ft) receptor, and requires Hippo signaling for its growth regulatory functions. We show that Ft requires Scrib to interact with Expanded (Ex) and Dachs (D), and for regulating Warts (Wts) levels and stability, thus placing Scrib in the Hippo pathway network.
Introduction
Growth and differentiation need to be precisely controlled during development to generate organs of appropriate size [1] . The Hippo pathway has emerged as a pathway that regulates growth and organ size in Drosophila and mammals [2, 3, 4, 5] . The Hippo pathway regulates organ size by controlling the activity of the transcriptional co-activator Yki in flies (and YAP/TAZ in mammals), which is an important regulator of proliferation and apoptosis [2, 3, 4, 5] . The expanding roles of Hippo signaling now include regulation of cell competition, compensatory proliferation, regeneration and stem-cell renewal [2, 3, 4, 5] . Emerging data implicates genes controlling cell polarity, cell adhesion and cellcell junctions as important components of the Hippo pathway [2, 3, 4, 5] .
The Hippo pathway comprises of a core kinase cascade involving the Ste-20 family kinase Hippo [6, 7, 8, 9] , and the DMPK family kinase Warts (Wts) [10, 11] , which in turn regulates the transcriptional co-activator Yorkie (Yki) [12] . Nuclear availability of Yki is regulated by phosphorylation-dependent and -independent mechanisms [12] . Active Yki translocates to the nucleus, where it forms a complex with the transcription factor Scalloped (Sd) [13, 14, 15] [or Mothers against Dpp (MAD), Teashirt (Tsh) or Homothorax (Hth)] [16] to induce the expression of target genes that promote (a) cell proliferation and cell survival like the bantam miRNA, myc, (b) cell cycle progression e.g., E2F1, cyclins A, B, E, and (c) inhibitors of apoptosis like drosophila inhibitor of apoptosis (diap1) [2, 3, 4, 5] . Hippo signaling also regulates the expression of several genes within its pathway like ex, mer, kibra, crb, and fj via a negative feedback loop [2, 3, 4, 5] . This vast repertoire of target genes confers tremendous versatility to Hippo signaling and also allows context-dependent response of Hippo signaling activity.
Multiple points of signal integration are beginning to emerge in the Hippo pathway. For example, upstream of Hpo multiple apical determinants feed into the Hippo pathway [17] , which include Expanded (Ex), Merlin (Mer), Crumbs (Crb), Kibra, and the atypical cadherin Fat (Ft). In addition, the Ras-association family protein (dRASSF); the apico-basal polarity proteins Lethal giant larvae (Lgl) [18] , and atypical Protein Kinase C (aPKC) [18] . The immunoglobulin domain-containing cell-adhesion molecule Echinoid (Ed) [19] also acts upstream of Hpo. In addition some components feed into the Hippo pathway at the level of the Wts kinase. These include the atypical myosin Dachs (D) [20] which together with the LIM domain protein Zyxin (Zyx) [21] to regulate Wts levels [17] . Thus, the Hippo signaling cascade responds to multiple and diverse stimuli which comprise a variety of receptor and non-receptor proteins.
Recently, the tumor suppressor gene Scribble (Scrib) was shown to participate in the Hippo signaling pathway [22, 23, 24] . Scrib, along with Lethal giant larvae (Lgl), Discs large (Dlg), belongs to a class of neoplastic tumor suppressor genes that are required to establish apical-basal cell polarity and growth control [25] . The disruption of apical-basal polarity leads to uncontrolled cell proliferation of epithelial cells, and results in an epithelial-tomesenchymal transition (EMT) that underlies the development of cancer [26, 27, 28] . Lgl, Dlg, and Scrib, are adaptor proteins each with multiple protein-protein interaction motifs such as PDZ domains and they localize to the basolateral membrane basal to adherens junctions [29, 30, 31, 32, 33] . Dlg binds to Scrib [34] and all three are required for the proper organization and localization of other apical-basal polarity genes. Recent studies indicate that the neoplastic tumor suppressor genes directly regulate cell proliferation of epithelial cells, rather than indirectly through effects on the localization of growth factor receptors [35, 36, 37] , because hypomorphic conditions for Lgl and Dlg, for example, affect growth without affecting cell polarity [38, 39] .
Using morpholinos in zebrafish embryos, and human and mammalian tissue culture cells it was shown that Scrib physically interacts with mammalian Fat1 and Drosophila Fat, and inhibits YAP1-dependent luciferase expression as effectively as Lats2 [23] . Drosophila Hippo signaling pathway is implicated in the differentiation and polarity of the follicular epithelia during oogenesis, where components of the basolateral junctions (scrib) signal to the downstream Warts kinase [22] . In vertebrates, four Fat genes partition different signaling functions and Scribble seems to promote both PCP and Hippo signaling pathways [40, 41] .
However, the molecular pathway through which the neoplastic tumor suppressor genes control cell proliferation in-vivo remains unclear. We present data suggesting that Drosophila scrib acts downstream of the Fat receptor, and requires Hippo signaling for its growth regulatory functions. We show that Ft requires Scrib to interact with Ex and Dachs, and for regulating Wts levels and stability, thus placing Scrib in the Hippo pathway network.
Materials and Methods

Ethics Statement
No specific permits were required for the described field studies.
Fly Stocks
All stocks used in this study have been described earlier. 
RNAi (Bloomington # 29352), UAS-Yki-V5 (Bloomington # 28819), UAS-GFP and nub-Gal4. All crosses were performed at 25uC unless otherwise mentioned. All RNAi lines were tested for specific effects on their corresponding genes by testing for downregulation of gene expression using specific antibodies, or by genetic interactions/rescue experiments with known mutants. Adult flies were photographed using the Zeiss apotome microscope and Axivision software.
Immunohistochemistry
The eye and wing imaginal discs were dissected in PBS, fixed in 4% paraformaldehyde for 20 min at room temperature, washed in PBST (PBS + 0.2% TritonX-100) 2X10min, blocked using normal goat serum, and incubated with primary antibodies overnight at 4uC. The following primary antibodies were used mouse-anti DIAP1 (1:250); mouse-anti bgal (1:100), rabbit-anti Ex (1:1500), guinea pig-anti Scrib (1:500).The following secondary antibodies (Jackson Immunoresearch) were used: anti-mouse Cy3 (1:1000), anti-rabbit Cy3 (1:1000) and anti-guinea pig Cy3 (1:1000).
Western Blotting
Wing imaginal discs were dissected in cold PBS, and lysed on SDS sample buffer (Lanes 1-4 ). For the sample in Lane 5 whole larva extracts were prepared from double mutant larvae in order to compare data. Western blots were performed according to standard protocols. The antibodies used were rb-anti Wts (1:1500) and m-anti-a Tubulin (Sigma, 1:1000). ECL reactions were developed using the GE Healthcare ECL Kit according to manufacturer's instructions, and images were captured using the Bio-Spectrum (R) 500 Imaging System or HyBlot CL autoradiaography film.
Adult Wing Mounting and Imaging
Adult flies were collected in 70% Ethanol and dehydrated in an ascending alcohol series. Completely dehydrated flies were used for wing processing. The clipped wings were mounted in Canada Balsam (3:1 Canada Balsam: Methyl Salicylate). The wing images were taken using Olympus BX51 Microscope mounted with an Olympus XM10 camera and CellSens Dimensions Software.
Results
Scrib Genetically Interacts with the Hippo Pathway
scrib mutant clones are small and tend to be eliminated by cell competition in flies [24, 43, 44, 45, 46, 47] and in mammalian epithelial cells [48] . Therefore, we used a UAS-scrib RNAi transgene to effectively generate large scrib mutant patches (Fig. 1a ) that can be evaluated for effects of loss of scrib alone [18, 24] . We wanted to use this approach to assay the effects of loss of scrib alone, unlike other studies where the clone size of scrib mutant cells was enhanced by preventing cell death by over-expressing p35-a pan caspase inhibitor [43, 45] or Bsk DN -the Drosophila Jun-Kinase [43, 44, 46, 47] or by making scrib mutant clones in an eiger (the Drosophila TNF superfamily ligand) mutant background [45, 46, 47] . Using the wing pouch specific nub-Gal4 driver, we over-expressed UAS-scrib RNAi in the developing wing imaginal discs (Fig. 1a) . Knocking down scrib levels ( Fig. 1a ) results in reduction of the wing pouch size (Fig. 1g) in the imaginal discs, and the development of adult flies with rudimentary wings (Fig. 1h, arrows) .
Next we tested for genetic interactions of scrib with members of the Hippo signaling pathway. Scrib requires yki to regulate cell proliferation as the growth of scrib mutant discs is strongly suppressed by heterozygosity of yki [24] . Loss of function clones of scrib also shows a similar requirement for yki function (Fig. 1b-d) , as the size of the scrib mutant clones (Fig. 1c) is dominantly suppressed by heterozygosity of yki (Fig. 1d) . We next tested the Yki and Scrib interaction by over-expressing Yki (UAS-Yki) in nubGal4 UAS-scrib RNAi wing imaginal discs ( Fig. 1i-l) . nub-Gal4 UASscrib RNAi UAS-Yki wing discs ( Fig. 1k) showed overgrown wing pouch similar to those of discs overexpressing UAS-Yki alone (Fig. 1i) . Animals of nub-Gal4 UAS-Yki (Fig. 1j ) and nub-Gal4 UASscrib RNAi UAS-Yki (Fig. 1l ) genotypes developed to pharates with large crumpled wings. Thus consistent with earlier observations, changes in Yki levels affect scrib phenotypes both in terms of clone size and cell survival [24, 44, 45, 46, 47] . We next tested if scrib interacts with sd, the transcription factor that binds with Yki. Loss of sd expression (UAS-sd RNAi ) causes reduction in the wing pouch in the imaginal discs ( Fig. 1m) and formation of very small stubbywings in the adults (Fig. 1n) . Wing imaginal discs where both scrib and sd functions were knocked down (nub-Gal4 UAS-scrib RNAi UASsd RNAi ) had a small pouch (Fig. 1o ) similar to those of discs overexpressing UAS-sd RNAi alone (Fig.1m) , and showed the stubby-wing phenotype in the adult (Fig. 1p) .
To further assess the interactions of scrib with Hippo pathway, we tested the levels of expression of DIAP1, a member of the intrinsic cell death pathway, and a transcriptional target of the Hippo pathway [2, 3, 4, 5] . DIAP1 protein is induced in cells where Hippo signaling is down-regulated [2, 3, 4, 5] . Over-expression of UAS-scrib RNAi causes downregulation of DIAP1 (Fig. 1g) , which possibly contributes to the elimination of scrib mutant cells by cell 
The corresponding adult phenotypes for all genotypes are shown in panels to the right of imaginal discs. Adult wings of wild-type (f), nub-GAL4 UAS-sd RNAi (n), and nub-GAL4 UAS-scrib RNAi UAS-sd RNAi (p) are shown. Images of adult flies are shown for nub-GAL4 UAS-scrib RNAi (h), nub-GAL4 UAS-Yki (j), nub-GAL4 UAS-Yki UASscrib RNAi (l). doi:10.1371/journal.pone.0047173.g001
competition. Over-expression of Yki alone (Fig. 1i) or coexpression of Yki with UAS-scrib RNAi (Fig. 1k ) leads to robust induction of DIAP1, suggesting that yki acts epistatically to scrib. Downregulation of sd alone (Fig. 1m) or together with scrib (Fig. 1o) leads to downregulation of DIAP1 in imaginal discs, suggesting that sd genetically acts downstream of scrib. Taken together, these data showed that Yki and Sd act downstream of Scrib, and are required for its growth regulatory functions.
We then tested if scrib interacts with other Hippo pathway components that act upstream of Yki. We first tested scrib wts interaction by comparing the clone size of wts mutant clones, to scrib wts double mutant clones. The scrib mutant clones (Fig. 2b) are slow growing and small, whereas the wts mutant clones show dramatic overgrowth (Fig. 2d) . The scrib wts double mutant clones also show robust overgrowths (Fig. 2c ). Next, we tested the expression of DIAP1 levels in scrib wts double mutant clones. DIAP1 is suppressed in scrib mutant cells (Fig. 2b', arrowheads) and induced strongly in wts mutant cells (Fig. 2d') . Interestingly, the scrib wts double mutant clones induce DIAP1 expression (Fig. 2c') . Based on clone size and the regulation of DIAP1 expression, wts acts downstream of scrib as the scrib wts double mutant clones show phenotypes similar to loss of wts alone. The genetic interactions so far suggested that scrib maybe another input upstream of Wts in the Hippo pathway. Therefore, we (1) tested the effects of loss of scrib on the transcriptional targets of Hippo pathway, and (2) tested genetic epistasis interactions between upstream Hippo components and scrib.
Scrib Mutant Cells Upregulate Hippo Pathway Target Genes
scrib loss of function clones are slow-growing [24, 43] and are competed out by the surrounding wild-type cells [49] . We compared the effects of complete loss of scrib in imaginal discs (Fig. 3b,f,h ) to loss of scrib in mutant clones generated by the FLP/ FRT system in small patches in the eye (data not shown) and wing disc (Fig. 3d-d''' ). Loss of scrib throughout the wing imaginal discs in homozygous mutant larvae leads to neoplastic overgrowths during the extended larval life (Fig. 3b,f,h ). Consistent with earlier reports, scrib mutant clones (Fig. 3c,d) are small compared to the wild-type twin clones (Fig. 3d'') , and are sparsely represented due to their elimination by the neighboring wild-type cells (Fig. 3c ) [24, 43, 49] . We tested levels of expression of transcriptional targets of Hippo signaling (viz., diap1-lacZ, ex-lacZ, fj-lacZ) in homozygous scrib mutant discs and in scrib mutant clones. In wild-type, the expression of diap1-lacZ (Fig. 3a) and ex-lacZ (Fig. 3e) is ubiquitous throughout the wing imaginal disc, and fj-lacZ shows a gradient in the wing pouch with the strongest expression at the wing margin and diminishing levels of expression from the margin to the wing hinge (Fig. 3g) . In scrib homozygous mutant discs the expression of diap1-lacZ (Fig. 3b) , ex-lacZ (Fig. 3f) , and fj-lacZ (Fig. 3h) is upregulated. A majority of scrib clones are eliminated, and expression levels of Hippo target genes is not affected in small clones (,2-6 cells per clone) (data not shown). However, in larger clones (,15 cells per clone) the expression of diap1-lacZ (Fig. 3d,d' ) is down-regulated in the mutant cells and induced non-cell autonomously around the mutant clone. This is consistent with earlier observations that Hippo activity is not uniformly upregulated in scrib mutant cells facing cell competition [24, 45] . These data suggest that loss of scrib in homozygous mutant discs and in mutant clones affects expression of Hippo target genes, and Hippo pathway activity.
Scrib Acts Downstream of Fat in the Hippo Pathway
Next, we tested if scrib acted within the Hippo pathway (Fig. 4) ; we generated double mutant combinations of ex, ft, and scrib. scrib, ex and ft mutant larvae enter a phase of extended larval development and do not pupate. Compared to wild type (Fig. 4a) , transallelic combinations of null and hypomorphic scrib mutant alleles (e,g., scrib 2 /scrib 7 ) leads to development of neoplastic growth in the wing pouch of imaginal discs (Fig. 4d) , whereas loss of ex (Fig. 4b) or ft (Fig. 4c) cause massive hyperplasia. ex acts upstream of Hpo and interacts with Yki via multiple mechanisms [3, 17] . We found that the ex; scrib double mutants showed ex-like hyperplastic phenotypes (Fig. 4e) suggesting that scrib may act upstream or parallel to ex. Interestingly, ft scrib double mutants showed dramatic reduction of overgrowth (Fig. 4f ) compared to loss of ft alone (Fig. 4c) and resemble scrib mutant wing imaginal discs (Fig, 4d) . This suggests that scrib acts downstream of ft, and ft may require scrib to interact with Ex or Dachs to regulate Yki.
We next tested if the ft scrib interaction affects the Ft-Ex interaction. Earlier studies have shown that Ex is mislocalized from the apical membrane in ft mutant cells (Fig. 5a-c) suggesting that ft affects the stability and localization of Ex at the plasma membrane [21, 50, 51, 52, 53] . Loss of scrib in mutant clones does not cause loss of apical-basal polarity (Fig. 5g) and Ex is not mislocalized from the membrane (Fig. 5h) . However, Ex is mislocalized from the apical membrane and appears cytoplasmic in imaginal discs from homozygous scrib mutant animals (scrib ) that show neoplastic overgrowth and loss of apical basal polarity (Fig. 5i) . To test if Scrib affects signaling from Ft to Ex, we generated ft mutant clones in scrib heterozygous background (Fig. 5d-f) . Loss of ft in scrib heterozygous background (Fig. 5d, e) does not affect levels or localization of Ex (Fig. 5f ) within ft mutant clones. Together, these data suggest that Scrib does not affect the Ft-Ex interaction.
Scrib Acts in the Fat Branch of the Hippo Pathway
Next, we tested epistatic interactions between scrib and genes downstream of ft in the Hippo pathway to further characterize the ft scrib interaction. We monitored wing size in the adult flies and DIAP1 expression in the nub-Gal4 domain of the wing imaginal discs from double mutants to analyze the epistatic interactions (Fig. 6) . Down-regulation of ft leads to upregulation of DIAP1 expression (Fig. 6a) and formation of overgrown adult wings (Fig. 6b) , whereas down-regulation of scrib leads to reduction in DIAP1 levels (Fig. 1d) . In comparison, ft scrib double mutant cells show down-regulation of DIAP1 levels (Fig. 6c) , and development of flies with rudimentary wings (Fig, 6d) . These observations also support a model where scrib acts downstream of ft. Several genes act downstream of ft in the Hippo pathway to regulate the activity of the Wts kinase. dachs is required for normal wing and leg growth and acts genetically downstream of fat but upstream of wts [53, 54, 55] . dachs mutations suppress the effects of fat mutations on gene expression, cell affinity and growth in imaginal discs. Dachs is suggested as the molecular link between Ft and the core kinase cascade of the Hippo pathway, as it physically associates with Wts in S2 cell lysates [53] . Overexpression of UAS-D (nub-Gal4 UAS-D) leads to overgrowth of the wing pouch (Fig. 6e) and formation of overgrown wings in the adult (Fig. 6f) . Over-expression of Dachs in nub-Gal4 UAS-scrib RNAi wing imaginal discs results in overgrowth (Fig. 6g) resulting formation of larger wings in adult flies (Fig. 6h) . DIAP1 expression is upregulated in nub-Gal4 UAS-D wing discs (Fig. 6e) , and in the double mutant discs (Fig. 6g) . Based on regulation of DIAP1 expression in wing discs, and the size of adult wings we conclude that scrib acts upstream of Dachs.
Taken together, these epistasis interactions show that scrib acts in the Fat branch, and that ft requires scrib to signal to Ex as well as Dachs. We next asked if Scrib affects the ability of Fat to signal to Wts.
Scrib Negatively Regulates Wts Activity
Fat is known to affect Wts levels by a post-transcriptional mechanism where compared to wild-type, Wts levels are downregulated in ft mutant discs (Fig. 6i) [21, 53] . Thus we tested if loss of scrib affects the regulation of Wts levels by the Fat-Hippo pathway. Using semi-quantitative western blots, we tested Wts levels in wild-type, ft 2/2 , scrib 2/2 and ft 2/2 scrib 2/2 double mutants (Fig. 6i) . Wts levels are downregulated in ft mutant (Fig. 6i) , compared to wild-type or scrib 2/2 or ft 2/2 scrib 2/2 double mutants proteins (Fig. 6i) . In summary our results suggest that scrib acts in the Fat branch of the Hippo pathway downstream of Ft. This suggests that Ft requires scrib to regulate gene expression and growth of imaginal discs.
Discussion
Apical basal polarity genes have been studied for regulation of cell junctions and growth [5, 25] . It is clear that the regulation of growth is intimately linked to the formation of normal cell junctions and proper cytoskeletal architecture [4, 27, 56] . The Hippo signaling pathway is known for its roles in the regulation of cell proliferation, apoptosis, and in the organization of cytoskeletal architecture [4, 56] . The interaction of apical basal polarity genes with the Hippo pathway has been an area of intense investigation and new links are beginning to emerge between these genes and the regulation of Hippo Pathway [17, 18, 24, 57, 58, 59, 60, 61] . Crumbs, a gene that regulates the apical complex is the most well characterized gene amongst the other apical basal polarity gene in the Hippo Pathway [57, 59, 61, 62, 63] . Lgl and aPKC have also been shown to interact with Hippo Pathway via independent mechanisms [18, 59, 64, 65, 66, 67] .
In mammalian systems, TAZ forms a complex with the cellpolarity determinant Scrib, and loss of Scrib or induction of epithelial-mesenchymal transition (EMT), disrupts the inhibitory association of TAZ with the core Hippo kinases MST and LATS [68, 69, 70] . scrib (a member of the basolateral protein complex) has been shown to act downstream of Fat4 and is required for zebrafish pronephros development [23] . Interestingly, in fly tissues, the overgrowth of scrib mutant clones is dependent on Yki [18, 24] ; yet, the molecular mechanisms of this genetic interaction remain unknown.
Here we provide several lines of evidences to show that scrib acts within the Hippo signaling and acts downstream of Fat to regulate Wts levels. Several studies have shown that the regulation of the transcriptional co-activator Yki is central to the regulation of Hippo Pathway [2, 3, 4] . Multiple mechanisms of Yki regulation have been shown [12, 71, 72, 73, 74] . The inhibition of Yki by the Wts kinase is postulated to inhibit the ability of Yki to regulate gene expression by preventing its entry into the nucleus [75] . Wts in turn is positively regulated by the Hpo-Sav complex, and negatively regulated by the Zyxin complex [3, 4] . Using regulation of Hippo target genes and size of adult wings as phenotypic assays, we show that scrib genetically interacts with Hippo pathway genes and acts upstream of Yki, Wts, Ex and Dachs. In addition, loss of scrib affects Yki activity, as transcriptional targets of Hippo pathway are down-regulated in scrib mutant cells. Scrib is known to require Yki for its effects on growth regulation in homozygotes [24] and for the growth of scrib mutant cells (this study). Thus, overall our studies place scrib downstream of Ft within the FatHippo pathway.
Previous studies have shown that Ft is required for the localization of Ex to the plasma membrane and acts genetically and biochemically upstream of Ex, Hpo, Wts, and Yki [50, 51, 52, 53] . Using genetic epistasis interactions we show that scrib acts in the Fat branch of the Hippo pathway, downstream of ft (Fig. 4, 5, 6 ). Our data revealed that ft requires scrib for the regulation of growth (Fig. 4f) . Genetic data suggest that Ft also regulates Warts activity through Ex independent pathways, and has implicated the myosin-like molecule Dachs in growth regulation [14, 41, 42] . Dachs acts upstream of Ex and Wts for the regulation of disc growth [53] . Since Ft signaling works via Ex or Dachs, we next checked if scrib is required for one or both of these interactions. Our data from genetic epistasis experiments shows that scrib acts upstream of D and Ex in the Hippo pathway (Fig. 4, 6 ). Using the localization of Ex as a criteria, we tested if the mislocalization of Ex in ft mutant cells is affected by heterozygosity of scrib. We found that heterozygosity of scrib leads to no change in the growth of ft mutant clones, and Ex localization is not affected. These data suggest that scrib genetically acts downstream of Fat and upstream of Dachs in the Fat-Hippo pathway to regulate growth. Fat regulates Warts protein levels, most likely via Dachs, which can bind and stabilize Warts [20, 53, 55] . Stability of Warts is also affected by the kinase Discs Overgrown (Dco) [53, 76] . Dachs is known to bind and promote the stability of Wts and Zyxin in a protein complex [21] . We tested if scrib affects Wts levels and found that loss of scrib leads to accumulation of Wts, whereas loss of scrib and ft together affects the stability of Wts similar to the loss of ft (Fig. 6) , suggesting that scrib is genetically required for the mechanisms through which Ft regulates Wts levels and stability. In conclusion, our studies place scrib downstream of ft within the Hippo pathway. Given the complex relationship between ft and ex in the regulation of Wts and Hippo pathway activity [53, 77, 78] , in the future it will be interesting to find how signals downstream of Fat are relayed and controlled for regulating pathway activity. 
